Background: While the importance of patients' quality of life (QoL) in chronic cardiac or pulmonary disease is uncontroversial, the burden of an acute pulmonary embolism (PE) on QoL has received little attention thus far. Objectives: We aimed to validate the German PEmb-QoL questionnaire, identify associations between QoL and clinical/functional parameters, and investigate the prognostic relevance of QoL for long-term survival in survivors of an acute PE episode. Patients/Methods: Patients were invited for a clinical follow-up visit including assessment of QoL using the German PEmb-QoL questionnaire 6 months after an objectively confirmed PE at a single center. Internal consistency reliability, constructrelated validity, and regressions between PEmb-QoL and clinical patient-characteristics were assessed using standard scale construction techniques. Results: Overall, 101 patients [median age, 69 ([interquartile range] IQR 57-75) years; women, 48.5%] were examined 208 (IQR 185-242) days after PE. Internal consistency reliability and construct-related validity of the PEmb-QoL questionnaire were acceptable. As many as 47.0% of patients reported dyspnea, 27.5% had right
| INTRODUC TI ON
The long-term course of PE is complicated by several adverse events including recurrent venous thromboembolism (VTE), development of chronic thromboembolic pulmonary hypertension (CTEPH), and major bleeding due to anticoagulant therapy. [1] [2] [3] Furthermore, methodically heterogeneous studies demonstrated that residual perfusion defects can be detected in up to 50% of the patients after 6 months using ventilation-perfusion lung scan [4] [5] [6] and that approximately 50% of patients suffer from persisting symptoms and cardiopulmonary functional limitations up to 1 year after the initial PE. 3, [7] [8] [9] While the long-term hemodynamic and functional consequences of an acute PE have received increasing attention during the past years, the burden of an acute PE on patients' psychological-emotional well-being and QoL has remained insufficiently studied thus far. 10, 11 Health-related crises such as an acute PE can result in emotional distress and negative emotional reactions, which may manifest as anxiety, anger, depression, and posttraumatic stress disorder. 10 In patients with chronic heart failure and pulmonary artery hypertension, a reduced QoL has been shown to be associated with poor prognosis 12, 13 and thus has become a treatment target in chronic heart failure. 12, 14, 15 Although QoL can be assessed using generic questionnaires such as the 36-item Short Form Health Survey, disease-specific questionnaires promise higher sensitivity in detecting and quantifying disease-specific changes in QoL. 16 The first disease-specific QoL questionnaire for patients with PE, the so-called Pulmonary Embolism-Quality of Life (PEmb-QoL) questionnaire, was developed in 2009 17 and consists of nine questions with a total of 38 items summarized in six categories related to activities and emotional/social complaints. Subsequently, the PEmb-QoL was validated in different cohorts and languages. 16, [18] [19] [20] [21] However, limitations of these studies encompass the inclusion of patients at various time points after the initial PE event and the lack of investigating association between QoL and clinical parameters or prognosis. Thus, we aimed (i) to validate the German version of the disease-specific PEmb-QoL questionnaire in survivors of acute PE 6 months after the initial event, (ii) to identify associations between QoL and clinical and functional parameters, and (iii) to investigate the prognostic relevance of QoL for long-term survival.
| ME THODS

| Study design
Consecutive patients aged ≥18 years with objectively confirmed acute PE diagnosed at the University Medical Center, Goettingen, Germany (January 2011-August 2013) were included in an ongoing prospective cohort study (Pulmonary Embolism Registry of Goettingen). The study protocol has been described in detail previously. 22 All treatment decisions were made by the physicians caring for the patients according to current guidelines and were not influenced by the study protocol at any time. The study was conducted in accordance with the amended Declaration of Helsinki and the study protocol was approved by the local independent ethics committee.
All patients provided written informed consent.
At baseline, detailed information on initial presentation including symptoms, findings from risk stratification, comorbidities, and VTE risk factors; treatment and in-hospital outcomes were obtained using a standardized case report form. Details on diagnostic procedures, definitions used for risk stratification, and laboratory measurements are provided in the Data S1. An adverse in-hospital outcome was defined as PE-related death, cardiopulmonary resuscitation, mechanical ventilation, or need for catecholamine administration.
Patients were invited to participate in a 6-month routine follow-up visit at the outpatient clinic of the Clinic of Cardiology and Pulmonology of the University Medical Center, Goettingen, Germany. Exclusion criteria and study flow are shown in Figure 1 .
At the follow-up visit, information on adverse events [including recurrent VTE, clinically relevant bleeding (defined according to the ventricular (RV) dysfunction on transthoracic echocardiography (TTE), and 25.3% were diagnosed with post-PE impairment (PPEI) at 6-month follow-up. Furthermore, 15 .9% of patients were diagnosed with depression 6 months after an acute PE. The QoL was affected by dyspnea, preexisting pulmonary disease, and PPEI, and a reduced QoL was associated with an increased risk for long-term mortality after an observation period of 3.6 years.
Conclusions:
The German PEmb-QoL questionnaire is a reliable instrument for assessing QoL 6 months after PE. The QoL was affected by dyspnea, preexisting pulmonary disease, and PPEI and was associated with long-term mortality.
Essentials
• The burden of a PE on QoL has received little attention.
The PEmb-QoL questionnaire is a reliable instrument for assessing QoL in PE survivors.
• QoL is affected by dyspnea, pre-existing pulmonary disease and post-PE impairment and reduced QoL associated with an increased risk of long-term mortality.
International Society of Thrombosis and Hemostasis) 23 new diagnosis of depression, cancer, and CTEPH (confirmed according to current guideline recommendations) 24 ] were recorded. Additionally, all patients received a conventional 12-lead electrocardiogram, TTE, physical examination, and laboratory testing and were asked to complete the German version of the PEmb-QoL questionnaire and questions related to their socioeconomic status ( Figure S1 , Table S1 ). Long-term survival status was assessed by contacting the responsible registration office at various time points (generally at 2-year intervals).
| PEmb-QoL questionnaire
The disease-specific PEmb-QoL questionnaire [16] [17] [18] [19] [20] The minimum score is 1 (indicating no complaints) and thus, higher scores are associated with a more complaints and decreased QoL.
The German PEmb-QoL questionnaire ( Figure S1 ) is a linguistically validated translation of the Dutch PEmb-QoL questionnaire 16, 17 provided by the MAPI institute (Lyon, France). The validation pro- (Table S2 ). 26 In the case of missing items, no score for the respective dimension was calculated. 27 Quality criteria of the PEmb-QoL questionnaire that were tested comprised outcome measures validity, reliability with internal consistency, and reproducibility and interpretability. 28, 29 The detailed statistical approach is provided in the Data S1.
| Statistical analyses
Briefly, to evaluate construct-related validity, we assessed the associations of single items with proposed PEmb-QoL dimensions using linear regression models with single items as outcomes and scores as predictors adjusted for age and sex (Table S3 ). We further used linear regression models to evaluate the impact of patients' baseline characteristics (adjusted for sex and age, Table S4 ), socioeconomic status (Table S5) , and increasing NYHA classes (Table S6 ) on PEmb-QoL dimensions. The results are presented as beta coefficients (β) with 95% confidence intervals (CIs). To evaluate internal consistency reliability, we calculated Cronbach's α for each PEmb-QoL dimension ( Table 2) . [28] [29] [30] For examination of floor and ceiling effects, we presented the proportion of participants with minimal and maximal possible scores of single dimensions (Table 2) . 16, [18] [19] [20] Univariate logistic regression models were used to assess the impact of study outcomes (Table 3) 
and socioeconomic status on
PEmb-QoL dimensions (Table S5 ) and the impact of patients' baseline characteristics on clinical outcomes at 6-month follow-up (Table S7) . The results were presented as odds ratios with 95% CIs. Cox regression models (univariate and adjusted for sex and age) were used to evaluate the prognostic impact of PEmb-QoL dimensions and study outcomes on long-term mortality ( Table 4 ). The results were presented as hazard ratios with 95% CIs.
All analyses were explorative analyses. No adjustments for multiple testing were conducted. P values were provided for descriptive reasons only and should be interpreted with caution and in connection with the effect estimates. We used SPSS (versions 21.0-23.0) and R (version 3.0.3) for the statistical analyses.
| RE SULTS
| Patients' characteristics
Overall, 192 patients were enrolled in the Pulmonary Embolism for "intensity of complaints" (IO), and 1.8 (1.3-2.7; maximum 6 points) for "emotional complaints" (EC) ( Figure 2 ). For "work-related problems" (WR) and "social limitations" (SL), the median was equal to the lowest possible score, indicating that the usability of these two dimensions might be limited. All dimensions revealed distinct floor effects, ranging from 12.0% for "emotional complaints" to as high as 59.2% for "social limitations." Ceiling effects were especially observed in "work-related problems" ( Table 2) .
| Validation of the
Construct-related validity was evaluated using linear regression models, which showed an acceptable association of single items with the proposed scores (Table S3 ). Three items (9.e, 9.h, and 9.i) assigned to "emotional complaints" revealed their strongest associations with other scores ("work-related problems" and "activities of daily living limitations," respectively) and three items (1.h, 7 and 8) assigned to "intensity of complaints" showed strong associations with "work-related problems." In summary, these findings support good construct-related validity of the PEmb-QoL questionnaire.
Most patients' baseline characteristics (Table S4 ) and self-reported socioeconomic status (Table S5 ) had only minor impact on PEmb-QoL scores except pulmonary disease, which was associated with increased "activities of daily living limitations" and "work-related problems" scores.
Cronbach's α coefficients for the different dimensions were in the acceptable range, except for the "intensity of complaints" score (0.54) ( Table 2) . Therefore, the reliability of the PEmb-QoL questionnaire was mainly confirmed.
| Study outcomes
As shown in Table 1 , right column, as many as 47.0% of patients reported persisting dyspnea (NYHA class ≥II) at the time of follow-up; of those, 19 patients (40.4%) were in NYHA class III/IV. Severe dyspnea (NYHA class III/IV) was associated with obesity, duration of hospital stay at baseline, and chronic pulmonary diseases (Table S7 ). Furthermore, 14 patients (15.9%) were diagnosed with depression (compared to 10.2%
at the time of PE, P = .063). Depression at follow-up was associated with female sex and the duration of hospital stay at baseline (Table S7) .
Although a higher number of patients was diagnosed with cancer and depression at follow-up compared to baseline ( (Table S7 ). An adverse in-hospital outcome was associated with PPEI (Table S7) . 
| Association of study outcomes and QoL
While PEmb-QoL dimensions were not affected by depression, cancer, and RV dysfunction on TTE at follow-up, PPEI was associated with higher scores in "work-related problems" [odds ratio, 3.4 (95% CI, 1.1-10.8); P = .041] ( Table 3 ). Severe dyspnea (NYHA class III/IV) affected all PEmb-QoL dimensions except "emotional complaints" (Table 3 ) and increasing NYHA classes were strongly related to all PEmb-QoL dimensions (Table S6 ).
Long-term survival status was available for all patients and 12 patients (11.9%) died during the observation period of 3.6 (IQR, 3.1-4.5) years (range: 276-1888 days). Interestingly, the PEmb-QoL dimensions "activities of daily living limitations," "work-related problems,"
"social limitations," and "emotional complaints" were associated with an increased risk for long-term mortality ( Table 4 , left column). In multivariable Cox regression analyses adjusted for sex and age, patients with poorer QoL in "activities of daily living limitations" and "work-related problems" showed a more than four-fold increased risk for long-term mortality ( 
| D ISCUSS I ON
The main study findings can be summarized as follows: (i) the (iv) QoL was affected by dyspnea and PPEI; and (v) reduced QoL was associated with an increased risk for long-term mortality.
| Validation of the German PEmb-QoL questionnaire
The results of this present validation study indicate that the German PEmb-QoL questionnaire is a valid and reliable tool for assessing diseasespecific QoL 6 months after an acute PE. However, some weaknesses were identified: Although its construct-related validity was acceptable (Table S3 ) and its criterion-related validity was previously confirmed by other studies 16, [18] [19] [20] (and therefore not tested in the present study again), the internal consistency measured by Cronbach's α coefficients was in an acceptable range for all dimensions except for "intensity of complaints."
Nevertheless, the reliability of the questionnaire was widely confirmed.
Of note, the reproducibility as the test-retest stability of the PEmb-QoL questionnaire was not tested again because its stability was already confirmed in several previous studies. 16, [18] [19] [20] Although Klok et al. 16 reported only small floor and ceiling effects, we identified, similarly to previous studies, [18] [19] [20] distinct floor and ceiling effects of up to 59.2% ( 
| Symptoms and functional limitations 6 months after acute PE
It is increasingly acknowledged that a (single) PE event can cause restricting and profound alterations such as persisting symptoms and cardiopulmonary functional limitations over the long term. 3, 8 In ac- 33 as well as Samaranayake et al. 34 reported that RV dysfunction at follow-up was not associated with long-term mortality after a mean of 2.8 ± 1.1 years and after 1 year, respectively.
Since RV dysfunction on TTE constitutes an unspecific finding that may also be related to underlying comorbidities such as cardiopulmonary diseases, a number of attempts have been undertaken in the past to define long-term sequelae of PE more precisely. For example, the term "post-PE syndrome" has been introduced and proposed to be de- .660
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| Associations between QoL and study outcomes
In the present study, every sixth patient was diagnosed with depression at 6-month follow-up. While depression was associated with female sex and a longer duration of in-hospital stay, no higher prevalence was observed in cancer patients. Interestingly, and in contrast to previous studies using more "global" questionnaires, 38, 39 depression and cancer did not affect QoL assessed by the PEmb-QoL questionnaire in the present analysis (Table 3) . Thus, the PEmb-QoL questionnaire appears less useful to detect depressive episodes.
Since an acute PE may result in emotional distress reactions reaching from anxiety to posttraumatic stress disorder, screening for de- (Table S6) ; the only baseline variable affecting PEmb-QoL dimensions was preexisting pulmonary disease (Table S4 ). This observation is not surprising since all questions in the PEmb-QoL refer to "lung problems." 16 Post-pulmonary embolism incident was the only other outcome related to QoL (Table 3) ; however, only the dimension "work-related problems" appeared to be affected [median score in patients with PPEI TA B L E 4 Prognostic value of the PEmb-QoL dimensions and study outcomes at 6-month follow-up with regard to long-term mortality reduced probability of long-term survival, while on the other hand severe dyspnea at 6-month follow-up had no impact on long-term survival. However, this discrepancy might be explained by the fact that the PEmb-QoL questionnaire contains questions about physical capacity (daily living and working) that might reflect the overall patients' condition and, in case of a low score in these dimensions, frailty. Thus, by providing information on "overall physical condition," it appears less surprising that the prognostic performance of the PEmb-QoL questionnaire with regard to long-term mortality is superior to that of dyspnea.
| Limitations
Although the number of patients included in the present study was comparable to previous studies investigating quality of life after acute PE, 7, 16, 19, 20 the small sample size constitutes a potential limitation of our study.
| CON CLUS ION
The 
